A spontaneous mutant of Streptomycesfradiae contained an amplifiable unit of DNA with a sequence length of approximately 10.5 kilobases that was amplified to approximately 500 copies per chromosome. The amplified DNA appears to be cryptic. Sail fragments of the amplified DNA were cloned into Escherichia coli to construct a restriction map and characterize the amplified DNA. The amplified DNA contained tandem repeats of the amplifiable unit of DNA. The unit had an average base composition of 71% guanine plus cytosine, similar to the chromosomal DNA of Streptomyces species. At least a portion of the amplifiable unit of DNA was present at a low copy number in the wild-type strain. The phenotype of amplified DNA was designated AdslSF for amplified DNA sequence 1 in S.
fradiae.
Streptomyces species are interesting because they produce approximately 63% of the naturally occurring antibiotics (7) . Commercial and theoretical interest in antibiotic production provides an incentive to investigate the genetics and the molecular biology of the genus (13) . Streptomyces fradiae is particularly important as a subject for examination because it produces the macrolide antibiotic tylosin (29) . Metabolic interconversions are known for intqrmediates related to the biosynthesis of tylosin (29) , and elegant genetic and biochemical studies provide a clear demonstration of the biochemical pathway from protylonolide to tylosin (3, 4, 28) . Many of the mutants from the above genetic studies were used for the characterization of DNA from S. fradiae. One of the mutants, S. fradiae JS82, was blocked in the biosynthesis of tylosin and exhibited sensitivity to the antibiotic (3, 4) . The mutant had been identified among regenerated protoplasts; such identification is an efficient method of curing some bacterial plasmids (3, 4) . Examination of the parental strain S. fradiae T59235 and a spontaneous spectinomycin-resistant (Spc') derivative, S. fradiae JS85 (3, 4) , of the blocked mutant did not reveal a plasmid in either strain. The DNA was analyzed by digestion with restriction enzymes in a further effort to determine whether the blocked mutant was cured of a plasmid. The results were surprising because S. fradiae JS85 (28) contained a 10.5-kilobase (kb) sequence of DNA that was amplified to a level representing approximately 50%o of the normal genomic DNA content of Streptomyces spp. or one-third of the total DNA in the mutant. This report describes the identification and characterization of the amplified DNA. The 10. MATERIALS AND METHODS Bacteria and growth conditions. The S. fradiae strains used in this study are described in Table 1 . S. fradiae T59235, C4, and 1776 are phenotypically similar, except that they produce different levels of tylosin as discussed previously (3). S. fradiae JS82 was isolated from regenerated protoplasts of S. fradiae T59235 (4), and S. fradiae JS85 was selected as a spontaneous spectinomycin-resistant mutant of S. fradiae JS82 (4). S. fradiae JS51 was selected as a spontaneous rifamycin-resistant mutant of S. fradiae C4, and S. fradiae JS87 was isolated from regenerated protoplasts of S. fradiae JS51 (J. Stonesifer, P. Matsushima, and R. H. Baltz, manuscript in preparation). S. fradiae JS82, JS85, and JS87 are sensitive to tylosin, blocked in tylosin biosynthesis, and expected to be cured of a plasmid (3, 4; Stonesifer et al., in preparation). S. fradiae JS90 is a recombinant from a standard sexual cross between S.fradiae JS51 and JS85 (4). Escherichia coli K-12 C600 hsdR hsdM (18) was used as the host for recombinant plasmids. The vector pBR322 (6) was used to clone DNA from S. fradiae.
The S. fradiae cultures were grown aerobically in Trypticase soy broth (BBL Microbiology Systems) containing 0.4% glycine (TSBG) (2) at 30°C. E. coli cultures were grown in L-broth at 37°C (19 prepared as previously described (9), except for the following modifications. Cells were washed with 100.0 mM NaCl and then suspended in 150.0 mM CaC12 containing 10.0o glycerol. The competent cells were rapidly frozen and stored in liquid nitrogen. They were thawed slowly on ice before transformation to simplify the operations and optimize transformation frequencies as determined by empirical analyses. The transformation frequencies were about 10-fold higher than those obtained with the unmodified procedure. Transformation was performed as previously described (9) . Isolation of DNA. Plasmid DNA was isolated from E. coli by the conventional cleared-lysate procedure and equilibrium density gradient ultracentrifugation in ethidium bromide-cesium chloride gradients (8) . S. fradiae DNA was prepared from 5.0 g of wet-packed mycelia suspended in 50.0 ml of buffer containing 10 mM Tris-hydrochloride (pH 8.0), 1.0 mM EDTA, and 25% (wt/vol) sucrose (Tris-EDTA-sucrose). The suspension was supplemented with 25.0 ml of 0.25 M EDTA, 25 .0 ml of lysozyme solution (10 mg of lysozyme per ml in Tris-EDTA-sucrose), and 0.1 ml of diethyl pyrocarbonate (14) (17) . Reactions were initiated by adding 18.0 P1 of initiation buffer (31) for a pH jump from 11.5 to 7.0. Samples were removed at various times and analyzed to measure the proportion of total trichloroacetic acid-precipitable radioactivity that remained precipitable after digestion of single-stranded DNA with S1 nuclease. Reaction rate constants were calculated (30) and used to calculate the copy number (34) by taking 10,000 kb as the size of the S. fradiae chromosome (5) .
RESULTS
Recopition of amplified DNA in S. fradiae JSS5. The DNA from all of the strains listed in Table 1 was examined in an effort to detect differences among the strains that might identify a plasmid. The total cellular DNA of S. fradiae JS85 was separately digested with several restriction enzymes and electrophoresed in agarose gels (Fig. 1) . All of the digests contained a heterogeneous distribution of fragments. The XhoI, PvuI, KpnI, Sail, AvaI, and SmaI digests exhibited intense bands, indicating that the DNA contained sequences which were present in multiple copies compared with the single copies represented by the fragments with a heterogeneous-size distribution. DNA. The 3P-labeled plasmids were hybridized to Southern blots of total genomic DNA that had been digested with SalI (data not shown). Each plasmid hybridized specifically to the intense band that co-electrophoresed with the cloned Sall fragment. Restriction maps were derived for the inserted fragment in each of the chimeric plasmids (Fig. 2) . The initial survey of total cellular DNA from S. fradiae used several restriction enzymes, including several that are not shown in Fig. 1 . Subsequent restriction mapping employed a subset of enzymes that gave moderate numbers of fragments from the Ads.
Characterization of the amplified DNA. The chimeric plasmids were used to determine the base composition of the Aud. Each plasmid was digested with Sall and examined by analytical & -equilibrium density gradient ultracentrifugation. The DNA band for pBR322 was used as an internal reference to calculate the base composition of the cloned SalI fragment (25) . An average base composition of 71% guanine plus cytosine was calculated from the buoyant densities of the SalI fragments (data not shown).
Kinetics of hybridization were used to measure the number of copies of the Aud present in the amplified DNA. The chimeric plasmids pSF5 and pSF15.1 were separateWy labeled by nick translation and separately hybridized with excess total cellular DNA. pSF5 had a specific activity of 1.1 x 108 cpm/,ug, and pSF15.1 had a specific activity of 1.9 x 108 cpm/p.g. Cellular DNA for the reactions had an average size of 300 bases. The radioactive probes did not exhibit detectable self-renaturation when calf thymus DNA was substituted for the driver DNA. Time courses for these reactions are shown in Fig. 3 of total DNA. Electrophoretic gels contained a fradiae JS85 were grown in TSBG for one or ladder of intense bands after partial digestion several sequential subcultures, and total genowith BamHI (Fig. 4) and two intense bands after mic DNA was isolated. Also, mycelia of S. complete digestion with BamHI. The mobilities fradiae JS85 were fragmented and grown for the of the intense bands corresponded to fragments isolation of single colonies. The single colonies containing BamHI fragment B, A, BA, BAB, were subcultured in TSBG, and total genomic ABA, ABAB, or BABA and larger fragments. DNA was isolated. The DNA samples were The chimeric plasmid pSF25 contained a BamHI digested with BamHI and analyzed by agarose recognition site in the cloned SaI fragment; gel electrophoresis (data not shown). All of the therefore, it should hybridize to the fragments of samples exhibit intense bands and resemble the the Aud in tandem repeats generated by partial complete BamHI digest (Fig. 4) . These results and complete digestion of total DNA with indicate that the amplified DNA is stably mainBamHI. pSF25 was labeled with 32P by nick tained in the cells. translation and hybridized to Southern blots of Distribution of amplified DNA in mutants of S.
the partial digest described above (Fig. 4) . A low fradiae. BamHI digests of total DNA were exlevel of hybridization was seen to be coinciden-amined for amplified DNA in S. fradiae JS90, tal with the smear of heterogeneous-size DNA JS82, JS85, JS87, C4, T776, and T59235. Two throughout the lane. This represented hybridiza-strains, JS82 and JS85, exhibited the presence of tion rather than nonspecific binding because the amplified DNA (data not shown). None of the radioactive probe did not bind to the lane that other strains contained the amplified DNA. contained similar amounts of bacteriophage A Therefore, the occurrence of the amplified DNA DNA. Diffuse hybridization was expected if the appeared as a mutant phenotype, which was amplified DNA was in very large segments be-designated AdslSF for amplified DNA sequence cause it would be randomly sheared to the same 1 in S. fradiae. AdslSF first occurred in S.
heterogeneous distribution of sizes as the chro-fradiae JS82 and appeared without change in the mosomal DNA. Dark bands, indicating greater Spcr mutant S. fradiae JS85 derived from S. levels of hybridization, were superimposed on fradiae JS82. Furthermore, AdslSF segregated the diffuse smear. The intense bands of hybrid-during a sexual cross, as seen by the absence of ization were coincident with the intense bands in amplified DNA in S. fradiae JS90 which arose as the stained gel. The results demonstrated that a recombinant between S. fradiae JS85 and S. the intense bands in the partial digests originated fradiae JS51 (Table 1 ). The segregation data are from tandem repetitions of the Aud contained in incomplete because only one recombinant was the recombinant plasmids. The results did not analyzed. Additional samples are needed to disdistinguish if all 500 copies were present in one tinguish between loss of the Ads and segregation media and cultures were grown in liquid media. t parental strain S. S. fradiae JS90 is a recombinant from a cross mxist at a high copy between S. fradiae JS85 and S. fradiae JS51 (4) {A from the paren-( Table 1 ). The absence of amplified DNA in S. d compared with fradiae JS90 suggested that AdslSF segregated S. fradiae JS85 to like a normal phenotypic marker; however, largis fragments were er numbers of recombinants will be needed to one of the cloned interpret the segregation frequencies. These obed DNA. Similar servations indicated that Ads1SF identified a h HindIII, EcoRI, spontaneous mutation; therefore, genotypic of cleavage were control of the phenotype was implied. ectrophoretic patVery high levels of amplified DNA occur in those of undigest-other Streptomyces species (21, 23, 26, 27 ), 4). These results indicating that the phenomenon may be general. nt of copy number In contrast, duplications and low levels of DNA r59235. However, amplification occur in other bacterial species (1, not occur, and the 15), but examples of very high levels of DNA that S. fradiae amplification are unusual. High levels of DNA low copy number. amplification can occur with certain plasmids. )NA was a unique Small multicopy plasmids, using DNA polymer-SF for amplified ase I for replication, continue replication and AdslSF arose as accumulate large amounts of plasmid DNA rearrangement in when protein synthesis is inhibited (33), transi-)82 from S. fradiae tioned R-factors contain 5 to 15 copies of the ype was not affect-resistance determinant on each molecule of the itaneous Spcr mu-multicopy plasmid (12, 24) , and a temperaturek S. fradiae JS82 sensitive replication mutant accumulates large d in the mutants S. amounts of the plasmid DNA at the restrictive d T776 that were temperature (20) . These examples are not immei. fradiae T59235 diately comparable with the observations in this le, as seen by the report because our efforts failed to identify a plasmid in S. fradiae JS85. Also 
